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(57)Abstract: 

PROBLEM TO BE SOLVED: To buffer a large impulsive force by using a 
miniaturized apparatus without increasing its total length by a method 
wherein a low-rigidity torsion spring mechanism which absorbs an 
impulsive force is interposed and mounted between a reduction gear and 
a ball screw mechanism. 

SOLUTION: When the output end of a motor-driven actuator hits the 
stopper of its stroke end owing to the malfunction of the actuator during 
its operation or owing to the failure of a control system, the kinetic 
energy of an electrically driven motor 1 is converted into an impulsive , 
force up to the stopper from the output shaft 1a of the motor. When the 
impulsive force acts, a coupling rod 9 which is constituted at a torsion 
spring is twisted largely so as to absorb the impulsive force. Thereby, 
even when an unexpected impulsive force is developed, the motor- 
driven actuator is not broken down, and its safety and its reliability can 
be enhanced. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the shock absorber for easing the impulse force from the electric motor in 

a stroke end in an electric actuator. 

[0002] 

[Description of the Prior Art] One conventional example of an electric actuator is shown in drawing 4 . As for 50, in 
drawing 4 , an epicyclic gear reducer and 2 are two or more planet gears to which Sun Geer of this reducer 50 and 4 gear 
with a ring gear, and 3 gears with Sun Geer 2 and a ring gear 4. 1 is an electric motor and Sun Geer 2 of said epicyclic 
gear reducer 50 is being fixed to output-shaft la of this motor 1 . 

[0003] Said ring gear 4 is fixed to a cylinder 6 with a bolt 5, and the output shaft 8 is being fixed to the carrier 7 of said 
epicyclic gear reducer 50. The piston to which the cylinder which 6 fixed to the anterior part of this cylinder 6 in the 
cylinder, and 18 fixed with the bolt 19, and 1 1 were fixed to this ball nut 1 1 with the ball nut, and 12 was fixed with the 
bolt 13, and 14 are the glands for supporting this piston 12. 

[0004] The screw shaft by which 10 was screwed in the above-mentioned ball nut 11, and 16 are the nuts screwed in the 
anti-nut 1 1 side of this screw shaft 10. The above-mentioned screw shaft 10 is having migration in the direction of an axis 
suspended by these bearings 15 and 15 while being supported by the cylinder 6 free [ rotation ] through two bearings 15 
and 15 attached in this screw shaft 10 with this nut 16. 

[0005] The buffer device which consists of the plate 26 and retainer 27 a disk spring 25 and for this disk spring support is 
prepared in the point of said screw shaft 10. 17 is attached in the anti-output-shaft side of an electric motor 1, it is the 
sensor which detects the angle of rotation of this motor 1, and this sensor 17 is contained in said cylinder and 18 with said 
electric motor 1 . 

[0006] Actuation of said conventional electric actuator is explained. Rotation of an electric motor 1 rotates Sun Geer 2 of 
the epicyclic gear reducer 50 fixed to output-shaft la of this motor 1. The turning effort from Sun Geer 2 is formed into 
high torque, and is transmitted to the screw shaft 10 through a carrier 7 and an output shaft 8 while it is slowed down 
within the epicyclic gear reducer 50. 

[0007] Rotation of this screw shaft 10 is transmitted to the ball nut 1 1 screwed in this, and is changed into a reciprocating 
motion here. Reciprocation of this ball nut 1 1 is transmitted to a piston 12, and moves a load by telescopic motion of this 
piston 12. Moreover, the detecting signal of the angle of rotation of the electric motor 1 detected by said sensor 17 is 
transmitted to a controller (not shown). 

[0008] During operation of said electric actuator, by failure of malfunction or a control network etc., the impulse force 
from the electric motor 1 side at the time of the outgoing end (piston 12 side) of this actuator hitting the stopper (not 
shown) of the stroke end has prevented the fasten lump between the ball nut 1 1 and the screw shaft 10 while absorbing it, 
when the disk spring 25 of said buffer device bends. 
[0009] 

[Problem(s) to be Solved by the Invention] However, there are the following troubles in said conventional electric 
actuator. That is, when the kinetic energy of Rota of an electric motor 1 is small, it is effective, but if many disk springs 
25 are accumulated and it does not equip with them, it becomes impossible to fully ease impulse force, for this reason, the 
overall length of an electric actuator becomes long, and what eases impulse force according to the buffer device in which 
it has a disk spring 25 like said electric actuator is enlarged, when this is large. 

[0010] It is as follows when this is explained using a formula. In order to change the kinetic energy of Rota of an electric 

motor 1 into the deflection energy of a spring, the following (1) type needs to be realized. 

[0011] 

l/2Iomega2-l/2Kx2--(l) 
[0012] 

here I: - moment-of-inertia [ of Rota of an electric motor 1 ] omega: - angular- velocity K: of Rota - spring constant x: 



of a disk spring 25 ~ deflection [0013] of a disk spring 25 (1) From a formula, it is necessary to enlarge spring constant 
[ of a disk-spring 25 ] K, or a deflection x, so that the moment of inertia or angular velocity of Rota becomes large. In a 
disk spring as shown in drawing 4 , since a deflection x is limited to a very small value, if spring constant K is not 
enlarged, (1) type will be materialized. That is, in the electric actuator which has a big output, if it is going to ease the 
impulse force at the time of actuator bottoming using said disk spring 25, in order will be necessary to accumulate a 
majority of these disk springs 25 on juxtaposition, and to include them in it and to secure the storage space of this disk 
spring 25, the overall length of an actuator becomes long. 

[0014] Without an overall length increasing, the purpose of this invention is miniaturized equipment and is to offer the 

electric actuator which can buffer big impulse force. 

[0015] 

[Means for Solving the Problem] The electric actuator of this invention is characterized by having slowed down the 
rotation output from an electric motor with reduction gears, such as an epicyclic gear reducer, changing it into rectilinear 
motion by the ball-screw device which consists of the screw shaft connected with the outgoing end of this reduction gear, 
and the ball nut screwed in this, and infixing the torsion spring device of low rigidity which absorbs impulse force 
between said reduction gears and ball-screw devices. 

[0016] Moreover, specifically in said means, said torsion spring device consists of, narrow diameter rod-like connection 
rods, i.e., a torsion bar spring. 

[0017] Since the means of this invention is constituted as mentioned above, if the outgoing end of an actuator hits a stroke 
end and the impulse force by the kinetic energy of an electric motor acts, when the torsion spring device which consists of 
a torsion bar spring of low rigidity etc. is twisted greatly, while absorbing said impulse force, the fasten lump between a 
screw shaft and a ball nut will be prevented. Even if there is generating of sudden impulse force by this, it is avoided that 
an electric actuator breaks by this. 

[0018] Moreover, said connection rod and this connection rod may connect with a serial the connection pipe of the hollow 
by which interpolation is carried out, and may constitute the device of said torsion spring. Thus, if constituted, it becomes 
the torsion spring device of further low rigidity from the case of only said connection rod, and bigger impulse force can be 
eased. 
[0019] 

[Embodiment of the Invention] With reference to drawing 1 - drawing 3 , the operation gestalt of this invention is 
explained to a detail below. Drawin g 1 is the sectional view showing the 1st operation gestalt of this invention, and, for 
50, as for Sun Geer of this reducer 50, and 3, an epicyclic gear reducer and 2 are [ a planet gear and 4 ] ring gears in 
drawing. 1 is an electric motor and Sun Geer 2 of said epicyclic gear reducer 50 is being fixed to output-shaft la of this 
motor 1 . 

[0020] The piston to which the cylinder which 6 fixed to the anterior part of this cylinder 6 in the cylinder, and 1 8 fixed 
with the bolt 19, and 1 1 were fixed to this ball nut 1 1 with the ball nut, and 12 was fixed with the bolt 13, and 14 are the 
glands for supporting this piston 12. 

[0021] Said epicyclic gear reducer 50 is well-known structure, and two or more planet gears supported by the carrier 7 
between Sun Geer's 2 external tooth and the internal tooth of a ring gear 4 mesh, and it is constituted. Said ring gear 4 is 
being fixed to the cylinder 6 with the bolt 5. 8 is the output shaft fixed to the carrier 7. 

[0022] The screw shaft by which 10 was screwed in the above-mentioned ball nut 1 1 , and 16 are the nuts screwed in the 
anti-nut 1 1 side of this screw shaft 10. The above-mentioned screw shaft 10 is having migration in the direction of an axis 
suspended by these bearings 15 and 15 while being supported by the cylinder 6 free [ rotation ] through two bearings 15 
and 15 attached in this screw shaft 10 with this nut 16. 

[0023] 17 is a sensor which is attached in the anti-output-shaft side of an electric motor 1, and detects the angle of rotation 
of this motor 1. As shown in drawing 1 , said electric motor 1 and sensor 17 are contained in said cylinder and 18. 
Moreover, stoppers 20 and 21 are attached in the both ends which sandwiched the ball nut 1 1 of said screw shaft 10 by 
pins 22 and 23, and the mechanical stroke of this shaft 10 is made to restrict to them. 

[0024] 9 is a connection rod, an end is fixed to the output shaft 8 of said epicyclic gear reducer 50, spline association is 
carried out at the axis end inner circumference of the screw shaft 8, and the other end is constituted, the torsion spring, 
i.e., the torsion bar spring, set as the necessary outer diameter. 

[0025] Moreover, as shown in drawing 2 , in a stopper 20 and the ball nut 1 1, Pawls 20a and 1 la are formed, and when a 
stopper 20, or 21 and the ball nut 1 1 hits at the stroke end of said screw shaft 10, in order for a bite lump to arise 
according to the bolting operation from the screw shaft 10 and to make it the normal actuation after it not lapse into 
impossible, in them, both are constituted so that it may contact in a hand of cut. 

[0026] An operation of the electric actuator constituted as mentioned above is explained. Rotation of an electric motor 1 
rotates Sun Geer 2 of the epicyclic gear reducer 50 fixed to output-shaft la of this motor 1. The turning effort from Sun 
Geer 2 is formed into high torque, and is transmitted to the connection rod 9 through a carrier 7 and an output shaft 8 
while it is slowed down within the epicyclic gear reducer 50. 



[0027] Rotation of this connection rod 9 is transmitted to the screw shaft 10, is transmitted to the ball nut 1 1 with which 
rotation.of this screw shaft 10 was screwed in this, and is changed into a reciprocating motion here. Reciprocation of this 
ball nut 1 1 is transmitted to a piston 12, and moves a load by telescopic motion of this piston 12. 
[0028] the output of an actuator based on [ in / on the other hand, the detecting signal of the angle of rotation of the 
electric motor 1 detected by said sensor 17 is transmitted to a controller (not shown), and / this controller ] this detecting 
signal — control which makes a variation rate and its desired value in agreement is performed. 

[0029] When the outgoing end (piston 12 side) of this actuator hits the stopper (not shown) of this stroke end by failure of 
malfunction or a control network etc. during operation of said electric actuator, the kinetic energy of said electric motor 1 
is changed into the impulse force from output-shaft la of this motor to said stopper. 

[0030] However, in the electric actuator concerning this invention shown in drawing 1 - drawing 2 , if the above impulse 
force acts, when the connection rod 9 constituted by torsion spring (torsion bar spring) is twisted greatly, the above- 
mentioned impulse force will be absorbed. 

[0031] Since it is only the connection rod's 9 breaking and destroying even if said impulse force should become excessive, 
if only the connection rod 9 is exchanged, an electric actuator can be operated convenient. Even if there is generating of 
the above sudden impulse force by this, lapsing into the situation which an electric actuator destroys is lost, and safety and 
dependability improve. 

[0032] Drawin g 3 shows the 2nd operation gestalt of this invention. In this operation gestalt, the connection pipe 24 is 
further connected with a serial at the connection rod 9, rigidity is lowered, and the relaxation function of impulse force is 
increased. 

[0033] That is, in drawing 3 , 24 is the connection pipe in the air which fitted loosely into the outside of said connection 
rod 9, spline association of the internal edge (the Z section of drawing 3 ) of this connection pipe 24 was carried out with 
the inner circumference of the screw shaft 10, and the external edge (the Y section of drawin g 3 ) has fixed the inner 
circumference by the periphery of the connection load 9, and welding. 

[0034] By this, impulse force will be transmitted from output-shaft la of an electric motor 1 in order of the epicyclic gear 
reducer 50, the connection rod 9, the connection pipe 24, the screw shaft 10, the ball nut 1 1, and a piston 12. Therefore, by 
connecting the connection rod 9 and the connection pipe 24 with a serial as mentioned above, rather than the thing of the 
1st operation gestalt shown in drawing 1 , rigidity becomes small and the relaxation function of impulse force increases. 
[0035] 

[Effect of the Invention] Since this invention is constituted as mentioned above, even if the outgoing end of an actuator 
hits a stroke end and the impulse force by the kinetic energy of an electric motor acts on an electric actuator, when a 
torsion spring device is twisted greatly, said impulse force is eased. By this, generating of destruction of the electric 
actuator by said impulse force can be avoided, and the safety of this actuator and dependability improve. 
[0036] without it will enlarge equipment like like claim 2 although many conventional disk springs are prepared even if 
the impulse force from an electric motor is large if a torsion spring device is constituted from a torsion bar spring of low 
rigidity — small (especially minor diameter) equipment — with --****-- this large impulse force can be eased. 
[0037] If constituted still like claim 3, it becomes the torsion spring device of low rigidity rather than said torsion bar 
spring in a small tooth space, and said twist can also buffer still bigger impulse force. 



[Translation done.] 



